This paper reports a novel processing for alloy and ceramic coatings on a large cathode surface area.
This paper reports the development of a novel technique to obtain ceramic coatings on large cathode surface using CMAED. The electrolytic cell forms when the electrolyte drips down to the cathode surface from the bottom of the graphite anode. When the pulse voltage applied across the electrodes exceeds the critical discharge voltage, micro-arc discharges occur and ceramic coatings are obtained on the cathode surface. By moving the anode slowly, the ceramic coatings can be deposited on the whole surface of a large cathode.
EXPERIMENTAL

Preparation of samples
Ni-based superalloy samples of 15x10x2 mm were used as the substrate. The composition of the alloy is as follows (wt%): 18.68%Fe, 18.33%Cr, <1.080 Ti, 0.94% Nb, and balanced with Ni. MCrAlY alloy coatings were deposited on the substrate surface by electropulse deposition /17/. Fig. 1 shows the schematic diagram of the equipment. A transformer was used to supply the voltage to the electrodes. Ar gas was applied through a pipe to prevent the specimen from oxidation. The electromagnet caused vibration of the MCrAlY electrode. When the electrode moves close to the surface of the specimen, strong arc discharge would take place, and the elements from the MCrAlY electrode would be welded to the surface of the specimen. Moving the electrode slowly on the surface of the specimen, a uniform MCrAlY alloy coating with excellent adhesion (metallurgical bonding) to the substrate could be obtained on the whole surface of the specimen. The bar-shape MCrAlY electrode has a diameter of 4 mm and a length of 40 mm. The electrode material contains (wt%) 15 3 . The electrolyte dripped down from the boat-like electrode to the surface of the specimen. When the voltage applied to the electrodes was higher than a critical value, microarc discharges appeared on the surface of the specimen. The voltage and the current in the process were monitored and automatically recorded by a computer. 
Oxidation experiments
Isothermal oxidation was carried out at 900 1 in air for 200 h. After every 10 h exposure, samples were taken out from the furnace, cooled down in a desiccator for 20 min before weighing. Both the masses of crucibles and crucibles plus sample were measured by an electronic balance with an accuracy of 0.01 mg. Figure 3 shows the voltage-time and current densitytime characteristics during the processes of CMAED.
RESULTS
Characteristics of cathodic micro-arc discharge
As soon as a voltage is applied to the electrodes, the current density rises to a peak value immediately, and then drops down rapidly. When the voltage exceeded a certain value (95 V in Fig. 3 ), micro-arc discharges appeared. Decomposition of electrolyte occurred, forming a layer of hydroxide on cathodic. This
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hydroxide was converted to a layer of oxide coatings by the energy released from the micro-arc discharge.
Surface morphologies and phase structures of the coatings
MCrAlY alloy coatings
MCrAlY alloy coatings were deposited on the Nibased superalloy substrate surface using the electropulse deposition equipment (Fig. 1) . Figure 4 Figure 9 is the cross-section microstructure of the ceramic coating, showing that the coatings have a uniform thickness about 10 μιτι with good adhesion to the substrate. It was observed that the surface and crosssection microstructure of the oxidised samples is similar to that of the un-oxidized coatings.
The as-prepared ceramic coatings appear black in colour, and turns to white after firing. X-ray diffraction (XRD) analysis of the A1 2 0 3 -Y 2 0 3 indicates that γ-A1 2 0 3 dominates the ceramic coatings with a small amount of α-Α1 2 0 3 before firing (Fig. 10) . The percentage of γ-Α1 2 0 3 decreased after firing treatment. No Υ could be detected by XRD perhaps due to the small content of Υ in the ceramic coatings. Cathodic reactions:
Isothermal oxidation kinetics
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Anodic reactions:
The reactions (1) and (4) should be the main reactions on the surface of the cathode and anode, respectively. Because the quantity of the hydrogen released from the surface of the cathode was twice that of the oxygen released from the anode (ignoring the reaction 5) in the same circuit, the gas envelope was easily formed on the cathode surface in the electrolytic cell. The gas envelope obstructed the current, causing the most applied voltage dropped over the cathode surface and forming a high electric field. Therefore, the breakdown of the gaseous envelope and the formation of high-energy micro-spark plasma can be attributed to the high electric field. The gap between the electrolyte and the cathode surface decreased when the electrolyte dropped down to the cathode surface from the bottom of the anode. Under a certain voltage, when the gap decreased to a critical value, micro-arc discharge takes place. In summary, the graphite anode, droplets of electrolyte and alloy cathode form an electrolytic cell.
Oxide coatings were realized through these electrochemical processes. The gas envelope on the cathode surface was a mixture of ambient air and the hydrogen released form the reaction. As a result of this setting, the dielectric breakdown of the gas envelope takes place easily; and the critical voltage needed for the CMAED process is low.
In the process of the electrolysis, reaction (1) basified the solution near the cathode surface, then
reactions (2) and (3) 
The micro-spark discharges occur on the thin areas of the ceramic coatings due to the low resistance in those areas. With more oxide deposited there, the resistance at those positions increases, the micro-spark discharge would preferably take place at other weak spots. As a result of this effect, relatively uniform ceramic coatings could be achieved. The thickness of the coating depends on the voltage value. Because the deposited material is an insulate ceramic, the electrical resistance increases with the thickness of the coating. Therefore increasing voltage can increase the thickness of the deposits. In this work, we have produced A1 2 0 3 -Y 2 0 3 ceramic coatings of more than 100 μπι thick with CMAED. Moving the anode from one side to the other side of the cathode slowly, the ceramic coatings can be obtained on the whole area of the cathode. So a large cathode surface area can be coated with a layer of uniform and thick ceramic coating.
The improvement in the high temperature oxidation resistance of substrate coated with MCrAlY alloy is attributed to the formation of protective alumina film via the selective oxidation of Al. On this basis, the application of A1 2 0 3 -Y 2 0 3 ceramic coatings further advances the protective effects of the MCrAlY alloy coatings. It is known that a small addition of Y 2 0 3 to the A1 2 0 3 can change the mass transfer mechanism in the process of oxidation, enhance oxygen ion inward diffusion, restrain metal ion diffusion, and reduce the formation of holes at the interface. These effects improve the adhesion of the scale to the substrate, and the high oxidation resistance of the coatings.
The A1 2 0 3 -Y 2 0 3 ceramic coatings produced by CMAED possess a smooth surface and dense structure. This can also be explained as A1 2 0 3 -Y 2 0 3 has a eutectic structure. A small addition of Y 2 0 3 can refine the A1 2 0 3 grains, and improve the mechanical property of A1 2 0 3 coatings.
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CONCLUSIONS
1) Relatively thick and uniform ceramic coatings can be prepared via the novel cathodic micro-arc electrodeposition technique on large cathode surface. Electrolyte dropping to the surface of a cathode from the bottom of anode forms an electrolytic cell. Micro-arc discharges occur on the cathode surface under an applied voltage. The concentrated energy released from the arc-plasma causes decomposition and deposition of hydroxyl compounds on the cathode surface, resulting in ceramic coatings.
2) A1 2 0 3 and A1 2 0 3 -Y 2 0 3 ceramic coatings with excellent adhesion to the substrate can be obtained using cathodic micro-arc electrodeposition. The coatings contain mostly γ-Α1 2 0 3 with a small amount of α-Α1 2 0 3 .
3) MCrAlY alloy coating possesses good high temperature oxidation resistance. A1 2 0 3 -Y 2 0 3 ceramic coatings can further improve oxidation resistance of the coatings.
